INTRODUCTION
Dimethyl sulfide (DMS) produced by marine phytoplankton is believed to be the major source of reduced sulfur to the marine atmosphere and to be responsible for the background levels of SO2, excess sulfate, and methanesulfonic acid observed over oceanic areas [Andreae and Raemdonck, 1983 could be sampled when the airflow was from the south or east, but continental air masses which originated over North America would occasionally extend out over the Atlantic and perturb the chemistry of the marine atmosphere. This occurrence had a strong effect on atmospheric DMS over the oceans which was not evident in the more remote areas of the Pacific. EXPERIMENTAL DMS in air was determined by preconcentration on gold wool and subsequent gas chromatography with flame photometric detection. Details have been reported elsewhere [Barnard et al., 1982] , and sampling and analysis in these experiments were similar with one major exception: it was found that DMS deposited on gold wool could be destroyed (possibly by ozone or other oxidants) during sampling unless a proper scrubber was used upstream of the gold tube. This negative interference was observed particularly in continental and urban air but can also occur in relatively clean maritime air. When ambient air was drawn through gold tubes on which a DMS amount typical of the size of an ambient sample (approximately 1 ng) had been deposited from a calibration gas stream, the amount of DMS found after exposure was often even smaller than the preloaded amount. On tubes which had not been preloaded with DMS and which were exposed simultaneously with the preloaded ones, a small amount of DMS was usually observed. This suggests that DMS from the air is being deposited on the gold surface and then partially destroyed while attached to the surface. During these tests it was also found that the scrubber used by Barnard et al. [1982] was ineffective in preventing loss of DMS during sampling, and thus their reported values for DMS in air over the Atlantic are believed to be too low by a large and unknown factor. The data presented in this paper are comparable with the results of Nguyen et al. [1984] from the, remote Pacific, which were obtained using an inert-surface cryogenic trapping system (mean DMS concentration of 120
ng S (DMS) m-3).
A successful scrubber was made using a tube filled with 5% Na2CO 3 on Anakrom C22 (40/50 mesh). When this scrubber was used upstream of the gold tubes, the amounts found on preloaded gold tubes always increased by the same amount as was found on simultaneously run unpreloaded tubes. This experiment shows that the negative interference by destruction of DMS adsorbed to the gold surface had been eliminated. The absence of negative interferences was further confirmed by inserting a DMS permeation device in the airstream upstream of the scrubber. Comparison of the results with and without the permeation device showed that the signal increased by the amount expected from the known permeation rate of the device. This experiment also shows that no loss of DMS occurs in the scrubber. No blanks are detectable when gold tubes are exposed to zero air either with or without the scrubbers. No blanks were observed in gold tubes which were installed into the sampling line but through which air was not drawn. To verify the selectivity of the procedure, gold tubes were exposed to large amounts (100-1000 ng) of H2S, COS, CS2, and methyl mercaptan from calibration gas streams, and then exposed as normal samples. No interference was detectable. We conclude that the combination of a highly selective preconcentration technique (chemisorption to the gold surface), gas chromatographic separation, and the use of a sulfurspecific detector effectively eliminates any positive interferences.
The gold tubes are 100% effective in removing DMS from the sample stream. This is shown by operating tubes in sequence: no DMS is found on the second tube as long as flow rates do not exceed 5 L min-•. The absorbed DMS is recovered with an efficiency of better than 90% from new gold tubes during the analytical procedure, as is shown by comparison between the results obtained by injecting DMS ,directly into the system and those observed using adsorption on the gold surface. After several hundred uses, the efficiency of the tubes declines. The efficiency of each tube is monitored periodically, and deteriorating tubes are eliminated.
The system is calibrated by adding DMS either to compressed zero air or to purified (by charcoal trap and particle filter) ambient air in a dynamic dilution system (Metronics Dynacalibrator, model 340) using a gravimetrically calibrated permeation device. This device has been validated by comparison with independent, gravimetrically prepared standards [Andreae and . A range of DMS concentrations in air is prepared this way, and the calibration stream is sampled using the scrubber and gold tubes in the same way as for ambient samples. Precision and accuracy of the measurements are somewhat variable between the different field experiments' they are typically near + 10 and 20%, respectively. high wind speeds, during which more rapid exchange of volatile species from surface seawater is expected. The plots of hourly averages for both remote data sets show similar diurnal behavior, with maximum concentrations at night and minimum during late afternoon, due mainly to the oxidation of DMS by OH radical which is generated photochemically. The amplitude of the diurnal cycle is slightly greater for the equatorial Pacific averages, which may be due to greater sunlight intensity than at Cape Grim, which is at a higher latitude and has a higher frequency of cloudy days. Up to very recently, the reaction of DMS with OH during daylight was believed to be the only significant loss reaction for DMS [Graedel, 1979; Sze and Ko, 1980; Grosjean, 1984] . Model calculations by Graedel [1979-1 and Bin•temer [1984] have predicted a diurnal pattern with a maximum near sunrise and a minimum in the afternoon. Our data show such a diurnal pattern, but the amplitude of the cycle is much lower than amplitudes predicted by these models. On average, the ratio of diurnal maximum to minimum that we have observed is 1.6, compared with 13 and 5 for the models of Graedel and Bingemer, respectively. The diurnal composites we portray on the right in Figure 2 necessarily obscure some diurnal variation, The diurnal course of OH and NO 3 concentrations was obtained from a simulation of the CO-O3-NO x chemistry of the remote oceanic troposphere, using the chemistry described by Chatfield and Crutzen [1984] and Baulch et al. [1982] . The kinetics equations were integrated by an exponential technique described by Hesstvedt et al. [1978] . •-The concentration is changed as a result of variations in mixed layer depth by (1) a linear dilution effect which reduces the concentration of DMS inversely proportional to the layer depth and (2) a nonlinear effect because of the increase of NO 3 due to the dilution of its major reactant, DMS.
The parameters described do allow for considerable latitude in fitting the data; nevertheless, there are limits in the fitting. Table 2 describes some limits to the parameters of the equation above that appear appropriate in defining the role of DMS in the sulfur cycle. We simulated OH concentrations that were consistent with photolysis rates when the sun is at equinox at 30øN with 290 matm cm 03. Total reactive nitrogen (essentially NO + NO 2 during daytime) was maintained at 100 pptv. These are conditions that allow relatively high values of OH. Other important parameters determining the radical concentrations were varied according to the limits set in Table 2 High OH, with NO 3 reaction (Figure 6 ). Conditions similar to those described above were maintained, but NO 3 was allowed to react with DMS. The rate of Atkinson et al. [1984] , multiplied by 1.8 as the work of Tuazon et al. [1984] suggests may be reasonable, gave a rate coefficient only about a factor of 10 slower than that for OH. As Figure 6 shows, the mean level of DMS was lowered, and the apparent diurnal variations of DMS diminished even more. DMS was the major sink for NO3, and the maximum levels of the latter dropped to around 20 x 10 6 molecules cm-3. This case study indicates that the NO 3 reaction has a secondary effect on mean DMS concentrations but may have important effects upon the diurnal variation.
Low OH, with NO 3 reaction (Figure 7) . In order to simulate lower OH concentrations, we simulated an atmosphere in which CO was raised to 200 ppbv, and clouds were allowed to diminish photolysis rates. Interpreting the work of Stephens [1978] , which describes visible irradiances, we reduced the photolysis rates for Figure 6 by a factor of 2 cos 2 • times the transmissions Stephens quotes for representative low clouds exposed to solar radiation when cos • = 0.8 (• represents the zenith angle of the sun). This crude interpretation of Stephens' results produced OH levels 35% as high as in Figures 5 and 6  (Figure 7) . The resulting DMS concentrations were much higher, similar to those observed under cloudy conditions in the Bahamas region (Figures 2 and 3 The simulations assume that only 30% of the DMS oxidized produces SO2; however, models which assume more rapid transport and reaction in low clouds would require higher SO2 yields to produce agreement with observations.
Consequences of DMS-N03 Reaction
The model results presented can be extended to several other reasonable assumptions in a linear manner. Parameters exerting a linearly proportional effect are marked in Table 2 concentrations but would not provide a NO,, sink. Since there is no known reaction producing SO2 from DMSO, this reaction would also lead to a low SO2 yield from DMS oxidation, While DMSO has been found in the marine atmosphere [Andreae, 1980], its presence is not diagnostic for the pathway which is followed in the DMS-NO3 reaction, since it may also be produced in the oxidation of DMS by OH [Grosjean, 1984] . 
